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. (C) CRISPR/Cas9 genome-editing technology used to make the L1085V mutation in SMC2 in human HAP1 cells. The guide RNA (gRNA) was designed to target Cas9 to cut in the signature motif of the SMC2 gene and the L1085V (C>G) mutation was introduced through homology-directed repair using a 90 bp donor-oligo that carries the mutation. Chromatograms of the Sanger sequencing of cells with SMC2 wild type (left) and SMC2 L1085V (right) are shown. (D) Same as in (C) but for the SMC4 L1191V mutation. (E) The opposing phenotypes of AS1 LV and AS2 LV mutants are observed in independent clones. Representative examples of chromosome spreads of wild-type, AS1 LV and AS2 LV mutant cells. (F) Percentage of mitotic spreads with fuzzy chromosomes of cells shown in (E). The plot shows mean ± SD of three independent experiments. (G) Chromosome length measurements of wild-type and AS2 LV mutant cells. Measurements were taken as in Figure 1E . The plot shows mean ± SD of three independent experiments. Figure 1E . Diploid derivatives of HAP1 cells were transfected with a guide RNA targeting SMC2. Clones harbouring a heterozygous deletion of SMC2 were used. Inset shows representative images of mitotic chromosomes for the indicated cell lines. (F) Differential Hi-C signal between AS2 LV/LV and SMC2 WT/∆ . SMC2 WT/∆ mitotic chromosomes are enriched for contacts up to ~10 Mb, while for AS2 LV/LV chromosomes, these contacts range up to ~25 Mb. The hyper-condensation phenotype of AS2 LV cells therefore cannot be explained simply by reducing condensin levels on chromatin. Figure 3C . The plot shows the average DNA compaction rate ± SEM. (B) Average DNA compaction rate for wild-type and AS2 LV using different forces. The plot shows the mean ± SEM. We used the protein preparations depicted in Figure 3B and data at 0.75 pN is the same used in Figure 3C . (C) Representative image of the measurement of step size and dwell time for a DNA compaction trace. The measurement is done with a previously described algorithm (Eeftens et al., 2017) . Vertical lines define steps while the horizontal lines represent the dwell times. (D) Mean dwell times from DNA compaction traces of wild-type, AS1 LV and AS2 LV complexes. Experiment was done as described in Figure 3 . A dwell time is measured when there is no DNA compaction observed (horizontal lines). The plot shows mean ± SD. (E) Frequency of step sizes of wild-type, AS1 LV and AS2 LV complexes as measured by the algorithm previously described (Eeftens et al., 2017) . Figure 4F . The graph shows mean ± 95% confidence interval. The experiment was performed using 1 nM condensin and 5 mM ATP. (C) Rates of loop extrusion for wild-type and AS2 LV complexes using the same buffer conditions as used in the magnetic tweezers experiment shown in Figure 3 . Shown are the rates of loop extrusion at different DNA extensions. Right panel shows mean loop extrusion rate ± SD. (D) An independent experiment confirms that AS2 LV complexes form less high-order Z loop structures than wild-type complexes. Fraction of DNA molecules that show a high-order Z loop structure for wild-type (n=110) and AS2 LV (n=102) complexes Experiment was performed as in Figure 5B . The graph shows mean ± 95% confidence interval. (E) Frequency of loop extrusion using wild-type and AS2 LV complexes. Experiment was performed as in Figure 5B using 10 nM condensin. The graph shows mean ± SD. (F) Fraction of DNA molecules that show a loop using wild-type and AS2 LV complexes with the single-molecule fluorescence assay when using 10nM condensin. Experiment was performed as in Figure 5B . The graph shows mean ± 95% confidence interval. Figures 6A and 6C (B) Western blot analyses of CAP-H2 in wild-type and ∆CAP-H2 cells. SMC4 is used as a loading control. (C) Percentage of mitotic spreads with either fuzzy or zigzag-shaped chromosome morphology in wild-type and ∆CAP-H2 cells. The graph shows mean ± SD of three independent experiments with at least 120 chromosome spreads each. Representative images are shown. (D) Live-cell imaging of wild-type and ∆CAP-H2 cells. Graph depicts the time spent from nuclear envelope breakdown (NEBD) to alignment and from alignment to anaphase. Cells were transfected with a DNA probe (sirDNA) two hours prior to imaging. The graph shows mean ± SD of three independent experiments with at least 30 cells each. (E) Whole-chromosome Hi-C matrices of mitotic cells of wild-type and ∆CAP-H2 cells (same data as in Figures 6A and 6C ) and the differential Hi-C signal between the two cell lines. (F Whole-chromosome Hi-C matrices of mitotic cells of wild-type and AS1 LV cells (wild type is the same data as in Figure 6A ) and the differential Hi-C signal between the two cell lines. 
